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(57) ABSTRACT

A flash analog to digital converter includes a reference
ladder, consisting primarily of resistors, a plurality of
comparators, each coupled to a different reference voltage
on the reference ladder (the comparators compare a received
voltage with a reference voltage level developed across
corresponding resistor or group of resistors), and a variable
power source coupled to the reference ladder for varying the
reference levels generated from the ladder. The structure
includes a fixed (or variable) gain driver supplying the
received signal voltage to the bank of comparators. The
variable power source can be an adjustable current source or
an adjustable voltage source. The comparators can be single-
ended comparators or differential comparators.

8 Claims, 2 Drawing Sheets
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STRUCTURE FOR ADJUSTING GAIN IN A
FILLASH ANALOG TO DIGITAL CONVERTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to analog to digital
signal converters and more particularly to flash analog to
digital converters that utilize very low voltages.

2. Description of the Related Art

As 1ntegrated circuit technology advances, digital circuits
are proliferating. Yet, many digital circuits receive inputs
that are analog 1n nature. Analog to digital converters
(ADCs) are used to convert the analog input signals to
digital form. A family of ADCs known as “flash ADCs” are
almost exclusively used where conversion speed 1s the
highest concern. As power supply voltages decrease with
newer technologies, the design of flash ADCs becomes more
challenging. One way to ease the ADC design 1s to use
digital calibration to correct for non-idealities 1n the analog
portion of the circuit.

More specifically, effective gain adjustment or calibration
through the ADC can be achieved by moditying the gain of
the driver stage of the ADC. However, this can be quite
difficult 1n some amplifiers where the gain 1s controlled via
feedback resistors. In this case, the closed loop gain 1is
controlled by the ratio of resistors. Adjusting the resistor
ratio to control the gain has unpleasant effects. In the
simplest form, such a solution must add transistors in the
resistor path to act as switches. However, such structures add
unwanted capacitance to the circuit resulting in a speed
reduction and can cause 1nstability.

Therefore, there 1s a need for a structure which controls
the digital calibration of ADC’s without altering the gain of
the driver or the makeup of the resistor strings. The 1mnven-
fion described below achieves this benefit using a cost-
cliective straightforward structure that 1s easily imple-
mented.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a flash
analog to digital converter that includes a reference ladder,
consisting primarily of resistors, a plurality of comparators,
cach coupled to a different reference voltage on the reference
ladder (the comparators compare a received voltage with a
reference voltage level developed across a corresponding
resistor or group of resistors), and a variable power source
coupled to the reference ladder for varying the reference
levels generated from the ladder. The structure includes a
fixed gain driver supplying the received signal voltage to the
bank of comparators. The variable power source can be an
adjustable current source or an adjustable voltage source.
The comparators can be single-ended comparators or dif-
ferential comparators.

The 1nvention greatly simplifies the design of the driver
used 1n the ADC by eliminating the requirement that the gain
be adjustable. If gain 1s adjusted in the driver, the circuitry
1Is much more complex, which results in slower circuit
performance. To the contrary, instead of using an adjustable
cgain driver, the mvention uses a simpler fixed gain driver
and an adjustable source to drive the resistor ladder, thus
providing adjustable reference levels.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will be better understood from the following detailed
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description of preferred embodiments of the invention with
reference to the drawings, 1n which:

FIG. 1 1s a schematic diagram of a single-ended analog to
digital converter with adjustable gain driver;

FIG. 2 1s a schematic diagram of a differential analog to
digital converter with adjustable gain driver;

FIG. 3 1s a schematic diagram of another type of analog
to digital converter (differential, fixed gain driver, adjustable
reference); and

FIG. 4 1s a schematic diagram of another type of analog
to digital converter (single-ended, fixed gain driver, adjust-
able reference).

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

This mmvention provides a simple and usetul structure for
controlling the gain 1n a flash ADC using digital calibration.
The flash ADC illustrated in FIG. 1 includes a sample and
hold circuit 100 that captures the analog 1nput signal with an
update rate equal to the incoming clock signal. This captured
signal 1s then buifered and amplified by an adjustable gain
driver circuit 102. This amplified signal 1s fed into a bank of
comparators 106 that compare the amplified signal to ref-
erence voltages generated by a biased resistor string 104.
The resistor string 1s referred to as a “reference ladder” and
can 1nclude resistors, transistors, etc. The resistor string 104
acts as a voltage divider, sitmply dividing the voltage at the
ends of the string 110 1nto several smaller voltages, serving
as the references to the comparators 106 1n the comparator
bank. The resistor string can be biased with a current or a
voltage.

In this configuration, each comparator 106 has a slightly
difference reference voltage. Therefore, each comparator
will trip at a slightly difference mput voltage. The compara-
tor outputs are received by a logic circuit 108 that converts
the signals to an encoded n-bit word. In a full-flash n-bat
ADC design, 2"-1 comparators are needed to derive an n-bit
encoded signal.

FIG. 1 shows the single-ended converter. FIG. 2 shows
more useful differential converter with differential sample
and hold 100, differential driver 102, and differential com-
parators 202. In principle, the single-ended converter and
differential converter operate 1n the same way, except the
mput signal and reference voltages are differential, which
increases power supply rejection, common mode rejection,
and noise 1mmunity.

An ADC has a gain associated with 1t. The full scale
analog 1nput voltage 1s defined as the input voltage that
produces all 1’s at the output, or full scale digital output.
Most ADCs are linear and thus a negative full scale input
voltage produces all zeroes at the output. This relationship 1s
determined by the gain through the ADC. The overall gain
1s determined by the analog gain associated with the driver
and sample and hold circuit as well as the reference voltages
produced by the ladder.

For example, suppose the full scale input voltage 1s 100
mYV and the gain of the sample and hold 1s 1 and the driver
cain 15 4. Then the full scale voltage presented to the
comparator array 1s 400 mV. But this will only produce a full
scale digital output if the reference voltage to the topmost
comparator 1s also 400 mV or less. If the reference voltage
at the top comparator were 800 mV, then only a fraction of
the comparators would trip and the signal would not be full
scale 1n the digital realm. Therefore, the effective gain
through the ADC 1s not only controlled by the front-end
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analog circuits (driver 102, sample and hold 100) but equally
by the reference voltages produced by the reference ladder.

Gain adjustment (e.g., calibration) in the circuits shown in
FIGS. 1 and 2 1s controlled by the adjustable gain of the
driver 102. However, such an adjustable gain driver 1s quite
difficult to design and manufacture in amplifiers where the
gain 1S controlled via feedback resistors because the closed
loop gain 1s controlled by the ratio of resistors. Adjusting the
resistor ratio to control the gain has unpleasant effects and
entails adding transistors in the resistor path to act as
switches. The transistors add unwanted capacitance to the
circuit resulting 1in a speed reduction and can cause 1nsta-
bility.

The circuit shown 1n FIG. 3, takes a different approach to
adjusting the gain. Instead of using an adjustable gain driver,
a simpler fixed gain driver 300 1s used and the source 302
that drives the resistor ladder 104 1s made adjustable. As
would be known by one ordinarily skilled in the art given
this disclosure, the invention could use a variable gain driver
in combination with the adjustable resistor ladder. However,
the following discussion i1s limited to fixed gain drivers to
more clearly illustrate the benefits of the invention. In one
embodiment, adjustable current sources 302 are used at the
top and bottom of the resistor string 104. In a preferred
embodiment, the adjustable current sources 302 are digitally
controlled and are 1n the form of adjustable current sources,
because such circuits are easily implemented and widely
used. Alternately, the references 302 could be adjustable
voltage sources 302. Note that, for ease of 1llustration both
the adjustable current sources and the adjustable voltage
sources are shown as items 302. FIG. 4 shows a similar
adjustable current/voltage structure 302 embodiment for the
single-ended comparators 106, 1nitially discussed above
with respect to FIG. 1.

Since the resistor string 104 acts as a simple voltage
divider, the intermediate voltage references will scale with
the end voltages and linearity will be preserved.

This mvention provides a circuit that adjusts the gain 1n a
flash analog-to-digital converter using adjustable current
sources 302 at the end of the resistor string 104. In a second
embodiment, the gain 1s adjusted by adjustable voltage
references 302 at the end of the resistor string. This structure
1s uselul 1n both single-ended and differential ADCs. Not
only does the mvention apply to a full flash design, but also
to any analog to digital converter that uses a reference string
to generate the multiple reference voltages used by the
multiple comparators.

As mentioned above, the invention greatly simplifies the
design of the driver used in the ADC by eliminating the
requirement that the gain be adjustable. If gain 1s adjusted 1n
the driver, the circuitry 1s much more complex, and can
result 1n poorer circuit performance. To the contrary, instead
of using an adjustable gain driver, the 1nvention preferably
uses a simpler fixed gain driver 300 and an adjustable power
source 302 to drive the resistor ladder 104.

While the invention has been described 1n terms of
preferred embodiments, those skilled 1n the art will recog-
nize that the invention can be practiced with modification
within the spirit and scope of the appended claims.

What 1s claimed 1s:

1. A flash analog to digital converter comprising:

a reference ladder with resistive elements;
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a plurality of comparators, each coupled to different
reference voltages generated by said reference ladder,
said comparators comparing a received voltage with
said reference voltages from said reference ladder; and

an adjustable current source coupled to said reference
ladder for varying current flowing through said refer-
ence ladder,

wherein said adjustable current source comprises a first
adjustable current source at a first end of said reference
ladder and a second adjustable current source at a
second end of said reference ladder.

2. The flash analog to digital converter 1n claim 1, further
comprising one of a variable gam driver and a fixed gain
driver supplying said received voltage to said comparators.

3. The flash analog to digital converter in claim 1, wherein
said comparators comprises single-ended comparators in a
single-ended signal path.

4. The flash analog to digital converter in claim 1, wherein
said comparators comprises differential comparators 1 a
differential signal path.

5. A flash analog to digital converter comprising:

a reference ladder with resistive elements;

a plurality of single-ended comparators, each coupled to
different reference voltages generated by said reference
ladder, said single-ended comparators comparing a
received voltage with said reference voltages from said
reference ladder; and

a variable power source coupled to said reference ladder
for varying current flowing through said reference

ladder,

wherein said variable power source comprises an adjust-
able current source,

wherein said adjustable current source comprises a first
adjustable current source at a first end of said reference
ladder and a second adjustable current source at a
second end of said reference ladder.

6. The flash analog to digital converter 1n claim 5, further
comprising one of a variable gaimn driver and a fixed gain
driver supplying said received voltage to said comparators.

7. A flash analog to digital converter comprising:

a reference ladder with resistive elements;

a plurality of differential comparators, each coupled to
different reference voltages generated by said reference
ladder, said differential comparators comparing a
received voltage with said reference voltages from said
reference ladder and;

a variable power source coupled to said reference ladder
for varying current flowing through said reference

ladder,

wherein said variable power source comprises an adjust-
able current source,

wherein said adjustable current source comprises a first

adjustable current source at a first end of said reference

ladder and a second adjustable current source at a
second end of said reference ladder.

8. The flash analog to digital converter in claim 7, further

comprising one of a variable gain driver and a fixed gain

driver supplying said received voltage to said comparators.
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